said chuck fingers being arranged in circumferentially spaced positions around a central 
axis and slidably mounted for advancing and retreating linearly and radially relative to said 



inner surfaces of said chuck fingers serving as chuck surfaces for chucking the work, and 
outer surfaces of said chuck fingers being tapered at least at tip end portions thereof, 
tapering inward toward said central axis approaching the tips, for contact with an inlet of the 
insertion hole; 



hole position detecting means for detecting the position of the insertion hole, said hole 
position detection means comprising a force sensor for detecting the magnitude and direction of a 
resultant force of reaction forces which said piston chuck fingers receive from the cylinder bore 
upon contact therewith.- 



A "Substitute Specification and Abstract" is submitted herewith to place the application 
in better English form. The "Substitute Specification and Abstract" contains no new matter. So 
that the examiner may satisfy himself in this regard, also submitted herewith is a marked-up copy 
of the original specification and abstract from which the "Substitute Specification and Abstract" 
was typed. 



A 



central axis, 




REMARKS 



Regarding the additional recitation of a "drive means" in claim 1 and new claim 17, the 
examiner's attention is directed to the first full paragraph at page 20 of applicants' original 
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specification. The examiner will note that the drive means for moving the chuck fingers radially, 
inwardly and outwardly, includes a motor shown as "66" in Fig. 2 of the drawings. 

What is known in the art as "vacuum chucking" is perhaps best described in applicants' 
specification at page 14, line 16 to page 15, line 4. See, for example, claim 15. 

The linear and radial motion of the chuck finger 65 (radial sliding motion) is perhaps best 
described at page 20, lines 13-21 of applicants' specification. Note the radially extending keyed 
grooves in the circular plate in which fingers 65 are mounted, as seen in the drawing figures. 

The hole position detecting by a force sensor 69 is described in applicants' original 
specification beginning at page 21, line 5 and serves to support the language of newly added 
claim 25. 

The allowance of claims 1 1-15 is noted with appreciation. Further, the allowability of 
claim 6 has been noted and claim 2 has been amended to incorporate language corresponding to 
the limitation of original claim 6 and, therefore, is also believed to be in condition for allowance. 
Note that the same limitation is also found in newly added claims 19 and 21-23. 

The restriction requirement is now moot in view of cancellation of non-elected claim 16. 

Responsive to paragraph 6 of the office action claim 8 has been amended as requested by 



11 



the examiner. Moreover, claim 8 and most of the other pending claims have been amended to 
place them in somewhat better form. 

Responsive to paragraphs 7 and 8 of the office action, claim 6 has been cancelled and the 
rejection is therefore considered moot. However, as will be elaborated upon below, the 
limitation of claim 6, as now found in independent claims 2, 11, 13, 19 and 21, has been worded 
in a manner to cure the problem with antecedent basis noted by the examiner. 

The rejection of claims 1, 3-5, 7 and 10 for anticipation by Hill is respectfully traversed. 
The arms 1 1 of Hill do not move radially in a linear line relative to any central axis. Stated 
differently, they are not mounted for sliding movement relative to a central axis. On the contrary, 
the arms 11 of Hill pivot "at their upper ends in suitable recesses 12 provided in the arms of 
spider 5," quoting from lines 78-81 at page 1 of Hill. 

Claims 3-5 are considered to be further distinguished from Hill in that, in addition to 
recitation of the drive means for the aforementioned radial sliding movement, these claims also 
recite hole positioning fingers in addition to the chuck fingers. Also note that claim 4 requires 
that the hole positioning detecting fingers be pivotally connected to tip end portions of the chuck 
fingers and that claim 5 calls for a base portion which both supports the chuck fingers for radial 
movement and the hole positioning fingers for pivotal movement. 
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With regard to claim 10, the arms 1 1 of Hill would not be capable of chucking both a 
piston and a connecting rod simultaneously. 

With regard to claim 7, note that claim 7, claim 1 1 (and claims 12, 14 and 15 dependent 
thereon) and claim 13, in the discussion of Figs. 9 and 10 at pages 32 and 33 of applicants' 
original specification, teaches that the pushing mechanism includes a cylinder 73 and a plunger 
74. Gravity is not the mechanical equivalent of such a piston mechanism. Gravity definitely will 
not serve to insert a piston assembly into a horizontally oriented cylinder as shown, for example, 
in Fig. 1 of applicants' drawings. 

The rejection of claim 2 over Inoyama et al is also traversed. As in Hill, the chucking 
arms of Inoyama et al grasp a work through pivotal motion rather than by sliding (linear) radial 
motion. In this regard, also note the wording of independent claims 1, 3 and 20. 

Further, the rejection of claim 2 is believed to be moot in any event because of 
incorporation of the limitation of cancelled claim 6. 

Finally, the rejection of claim 8 over Hill in view of Yokomachi et al is respectfully 
traversed. Claim 8 depends from claim 1 and requires the mounting of the chuck fingers for 
linear and radial motion relative to a central axis, a feature found neither in Hill nor in 
Yokomachi et al. 
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In conclusion, it is respectfully requested that the examiner reconsider the rejections of 
record with a view toward allowance of the claims as amended. 



Dated: December 26, 2002 




LORUSSO & LOUD 

3137 Mount Vernon Avenue 

Alexandria, VA 22305 

(703) 739-9393 



14 



1. (Amended) A work chucking/inserting apparatus [to be used] for chucking a work , for 
aligning the work with an insertion hole and for inserting the work into the [an] insertion hole [in 
alignment with the hole], said apparatus comprising [including]: 

three or more chuck fingers, 

said chuck fingers being arranged in circumferentially spaced positions around a central 
axis and slidably mounted for [capable of] advancing and retreating linearly and radially relative 
to said central axis , 

inner surfaces of said chuck fingers serving as chuck surfaces for chucking the [said] 
work, and 

outer surfaces of said chuck fingers being tapered at least at tip end portions thereof^ 
tapering inward toward said central axis approaching [so that the closer to] the tips, for [the more 
inwards the taper, and capable of coming into] contact with an inlet of the [said] insertion hole; 
and 

drive means for advancing and retracting said chuck fingers linearly and radially relative 
to said central axis . 

2. (Amended) A work chucking/inserting apparatus [to be used] for chucking a work, for 
aligning the work with an insertion hole and for inserting the work into the [an] insertion hole [in 
alignment with the hole], said apparatus comprising [including]: 

three or more chuck fingers, 

said chuck fingers being arranged in circumferentially spaced positions around a central 
axis and slidably mounted for [capable of] advancing and retreating linearly and radially relative 
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to said central axis , 

inner surfaces of said chuck fingers serving as chuck surfaces for chucking the [said] 
work, and 

outer surfaces of said chuck fingers having at least at tip end portions thereof surfaces 
extending parallel to said central axis for [an inner peripheral surface of said insertion hole, and 
capable of being brought into] contact with an inlet of the [said] insertion hole ; and 

tracer means for, when the outer surfaces of said chuck fingers come into contact with the 
inlet of the insertion hole, reorienting said apparatus to bring said central axis into alignment with 
a central axis of the insertion hole . 

3. (Amended) A work chucking/inserting apparatus [to be used] for chucking a work , for 

aligning the work with an insertion hole and inserting the work into the [an] insertion hole [in 

alignment with the hole], said apparatus comprising [including]: 

three or more chuck fingers and three or more hole position detecting fingers, 

said chuck fingers being arranged in circumferentially spaced positions around a central 

axis and slidablv mounted for [capable of] advancing and retreating linearly and radially relative 

to said central axis , 

said hole position detecting fingers being arranged in circumferentially spaced positions 
and pivotable inwards and outwards relative to said central axis, about pivot points [, centered] 
on base end portions thereof, 

inner surfaces of said chuck fingers serving as chuck surfaces for chucking the [said] 
work, and 
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outer surfaces of said hole position detecting fingers being tapered at least at tip end 
portions thereo f, tapering inward toward said central axis approaching [so that the closer to] the 
tips, for [the more inwards the taper, and capable of coming into] contact with an inlet of the 
[said] insertion hole ; and 

drive means for advancing and retracting said chuck fingers linearly and radially relative 
to said central axis . 

5. (Amended) A work chucking/inserting apparatus according to claim 3, wherein the base end 
portions of said hole position detecting fingers are pivotally connected to a base portion , said 
base portion supporting [by which base portions of] said chuck fingers [are supported] for radial 
advance and retreat. 

8. (Twice Amended) A work chucking/inserting apparatus according to claim 1, wherein the 
inlet of the [said] insertion hole is chamfered, and the tip end portions of said chuck fingers are 
respectively formed with projections which mate with [can fill up] the chamfered portion when 
the [said] work is inserted into the [said] insertion hole. 

9. (Twice Amended) A work chucking/inserting apparatus according to claim 1, wherein 
the [said] work is a piston or an assembly of a piston and a connecting rod, and the [said] 
insertion hole is a cylinder bore. 

10. (Amended) A work chucking/inserting apparatus according to claim 3, wherein the [said] 
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work is an assembly of a piston and a connecting rod, the [said] insertion hole is a cylinder bore, 
said chuck fingers chuck said piston, and said hole position detecting fingers also serve as means 
for chucking said connecting rod. 

11. (Amended) A work chucking/inserting apparatus [to be used] for chucking a work , for 
aligning the work with an insertion hole and for inserting the work into the [an] insertion hole [in 
alignment with the hole], said apparatus comprising [including]: 
three or more chuck fingers, 

said chuck fingers being arranged in circumferentially spaced positions around a central 
axis and slidablv mounted for [capable of] advancing and retreating linearly and radially relative 
to said central axis , 

inner surfaces of said chuck fingers serving as chuck surfaces for chucking the [said] 
work and each having a portion taperine inward toward said central axis approaching a distal end 
[tapered such that the closer to the tip] thereof, [the more inwards the taper,] 

outer surfaces of said chuck fingers being tapered at least at tip end portions thereof, 
tapering inward toward said central axis approaching [so that the closer to] the tips, for [the more 
inwards the taper, and capable of coming into] contact with an inlet of the [said] insertion hole, 

tracer means for, when the outer surfaces of said chuck fingers come into contact with the 
inlet of the insertion hole, reorienting said apparatus to bring said central axis into alignment with 
a central axis of the insertion hole, and 

[a tracer mechanism for causing the axis of a conical surface defined by the outer surfaces 
of said three or more chuck fingers to be aligned with the axis of said insertion hole when said 
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outer surfaces come into contact with the inlet of said insertion hole, and] 

[a] pushing means [mechanism] for pushing the work toward the [said] insertion hole. 

12. (Amended) A work chucking/inserting apparatus according to claim 11, wherein the inlet of 
the [said] insertion hole is chamfered, and the tips of the outer surfaces of said chuck fingers are 
shaped to mate with [formed so that they can come into abutment against] the chamfered portion 
when the [said] work is inserted into the [said] insertion hole. 

13: (Amended) A work chucking/inserting apparatus [to be used] for chucking a work , for 
aligning the work with an insertion hole and for inserting the work into the [an] insertion hole^ 
the insertion hole having a chamfered inlet, said apparatus comprising [in alignment with the 
hole, including]: 

three or more chuck fingers, 

said chuck fingers being arranged in circumferentially spaced positions around a central 
axis and slidablv mounted for [capable of] advancing and retreating radially, 

inner surfaces of said chuck fingers serving as chuck surfaces for chucking the [said] 
work and each having a portion tapering inward toward said central axis approaching a distal end 
[tapered such that the closer to the tip] thereof, [the more inwards the taper,] 

end faces of said distal ends of said chuck fingers being at least partially flat for [at their 
portions except their portions close to their inner peripheral edges, and capable of] coming into 
abutment against a wall surface which surrounds an inlet of the [said] insertion hole, 

outer surfaces of said chuck fingers havine at least at tip end portions thereof surfaces 
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extending parallel to said central axis for contact with an inlet of the insertion hole, 

[the portions close to said inner peripheral edges being tapered such that the closer to the 

tips, the more inwards the taper, and capable of coming into contact with the inlet of said 

insertion hole, 

the inlet of said insertion hole being chamfered, 

the] portions close to [the] inner peripheral edges of the end faces of said chuck fingers 
mating with [being capable of coming into abutment against] the chamfered portion of the inlet 
of said insertion hole when said work is inserted into said insertion hole, 

tracer means for, when the outer surfaces of said chuck fingers come into contact with the 
inlet of the insertion hole, reorienting said apparatus to bring said central axis into alignment with 
a central axis of the insertion hole, and 

[a tracer mechanism for causing the axis of a conical surface defined by the portions close 
to the inner peripheral edges of the end faces of said three or more chuck fingers to become 
aligned with the axis of said insertion hole when the portions close to said inner peripheral edges 
come into contact with the inlet of said insertion hole, and] 

[a] pushing means [mechanism] for pushing said work toward the [said] insertion hole. 

14. (Twice Amended) A work chucking/inserting apparatus according to claim 11, wherein the 
[said] work is a piston or an assembly of a piston and a connecting rod, and the [said] insertion 
hole is a cylinder bore. 

15. (Twice Amended) A work chucking/inserting apparatus according to claim 11, wherein said 
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pushing means includes a vacuum chuck [mechanism possesses a work sucking function] for 
holding the [sucking said] work. 
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WORK CHUCKING/INSERTING APPARATUS AND ASSEMBLING UNIT 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a work chucking/inserting 



apparatus andJ'Sore particularly, to) a work chucking/inserting apparatus ^ 



s> /n^h*j capable of handling various sizes of works^ui inserting a workjinto an 
insertion holeprTan aligned state with the insertion hole and capable jjf^ 
H; gaining the insertion with a simple stru'cTurelnja short time andjS^bigh 

working efficiency. 
Description of the Prior Art 

In inserting a work into an insertion hole^d fitting them together? 
with use of/sucKa^acliineJ as a robot, conventional techniques correct a 
jl^sitionalHeviation between the insertion hole and the present position of 
: : . the work by using a jig for insertion or using a Vision (a two-dimensional 

, y visual device) to detect the position of the insertion hole 

F ° r example ' ^ the case where a jig for insertion is used (Japanese 
X Patent Laid Open No. 115129/84), as showii in Fig. 17&inserting jig 01 

has an inleflarger than an insertion hole 02. TheftTortion a$a<SntH 



larger than an insertion hole 02. Therebrtion a^M^ {he? 
£nilet^sytapered or gently curve/ W leads to /an outlet (insertion port) 
which is of the same shape as /^uSetXortion^of the insertion hole 02 
located on the side opposite^the inlet of the inserting jig 0 1 . 

The inserting jig 01 having such a shape is first placed on the 
opening of the insertion hole 02 formed in an object (e.g., cylinder) 05 so as 
to be in approximate alignment with the insertion hole 02. At this time, 
the axis of the inserting jig 01 and that of the insertion hole 02 are not in 
exact alignment with each other. In this state, an expander 03 having 



I- 



/ 

/ 



plural fingers capable of expanding^om the inside tow&d the outsidjl is 

inserted into the insertion hole 02 and then the plural fingers are expanded 

outwards. As a result, the inserting jig 01 moves and the axis thereof 

comes into alignment with the axis of the insertion hole 02 (see Fig. 18)T In) 

£this state the inserting ^l^l^J fixe^sojis not to mov|. 

Next, a work^e.g., piston) 04 is pushed in toward the insertion hole 

O^^hije allowin g tq f foUow'^like tapered shape of the inserting jig 01, 

/whereby the work 04?pass^^hrough the outlet of the inserting jig 01 and/is 7 

Jmserted^into the insertion hole 02 (see Fig. 19). 

However, in such a conventional method which uses the inserting 

jig 01, it is necessary that the shape of the jig 01 be in conformity withthe 

shape of the insertion hole; that is, it isnecessary to provide inserting m 

^01 in a number corresponding to the num ber'of /typ ^ of insertion hol^ 

Besides, "jifie expander 03 is also nieeded and ai3 extra working time is 

— - — ' o3 j 

required for the aligning work using the expander: 1 Under th©S e 

circumstances, in a multi-type mixed production line handling more than 

three types, the application of the method using the inserting jig Qljxt^^^ 

difficult. For example, in an engine assembling lin^^a multi-type mixed 

production line, the process of inserting a piston into a cylinder bore is in 

many cases carried out by manual operation. , - 

)]"A^Another%iethod using a jig^herejis^pown a method ^Japanese 

Patent Laid Open No. 256526/9^^erei^Tpoation detecSng jig is moved 
_."//! 

/and is allowed to follow an insertion hole whilej searching for the position of 
the insertion hole with use of a force control. In this method, however, a 
work chucking/inserting apparatus is required to shift the jig and a 
component from one to the other. This is time-consuming and a shift error 
occurs /afeerjfepetition of^such jig shifting operation. {&sj } Methods which * 
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utilize similar tracing mechanisms/therd are/lcnown metiiodsjjapanese 
Patent Laid Open Nos. 108108/93 and 168927/9^whereiJ the position of 
an insertion hole is detected while allowing a wori^sel^to contact and 
follow the insertion hole. But both methods involve problems such as the 
damage of components because the work itself is brought into contact with 
the insertion hole fOT,detecting the position of the^am^hole. 

/ftext, in case fusing a 'Vision (a two-dimensional visual device), a 
positional deviation between a worMand an insertion hole is detected hy the 

. . '" ■ 5*» r * 

Vision, position data/ffa robot for chucking and conveying the work are 
corrected, and the work is inserted into the insertion hole at^mexact robot 
position. However, arses the Vision is relatively expensive^ta increa se o^ 
^cos t results?^ 

Moreover, the accuracy of the measurement made by the Vision 
fdoes not becomj higher than the resolution thereof, so for a highly accurate 
detection of the hole position it is necessary to take a close-oro of the hole, 
requiring three or more cameras in the case of a large hole. ^OLattempt to 
ennance the accuracy results in a further increase j£ cost, ^esifles,/^ ? 
correctuiy*M«L for matching both Vision and robot coordinate systems is 
troublesome and a complete matching is impossible, that is, the occurrence 
of^njerror is unavoidable. Mechanical changes J.g., changes in weight 
and temperature, and shocl^ a change in iUumination,^nd? a change in 
optical conditions of the hole also give rise to^o^ error. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a workf^S^ 
chucking/inserting apparatus capable of solving the above-mentioned 
problemsjnvolved ifj?the conventional means^^ichjs/for inserting a wori^'c*-* 

1/ 



into an insertion hole in alignment with the hole, also capable of handling 

pj&cef ?;< <=.c 

various sizes of work^ and capable qfinserting a workWo an insertion hole 
in an'- 1 j — '"■ 1 — ■- • ■ — - 



ignejHpt^ with the hole^/iija short time andjui j^high working 
Sr.^a|h use o^a srmple structure. 



efficiency 

For achieving the above-mentioned object, in^ejfirst aspect of the 

present invention there is provided a work chucking/inserting apparatusj^ 

f* e usejffor chucking a work and inserting the work into an insertion hole in 

alignment with the hole, the work chucking/inserting apparatus including 

three or more chuck fingers, the chuck fingers being arranged in 

circumferentially spaced positions v and capable of advancing and retreating 

radially, inner surfaces of the chuck fingers serving as chuck surfaces for 

chucking the work, and outer surfaces of the chuck fingers being tapered at 

least at tip end portions gjereof so that the closer to") the tips.Jthe morel 

OTJI— ' ' — * 

^inwa rds the taper, and capable of coming into] contact with an inlet of the 

insertion hole. 

JSuice the. work chucking/inserting apparatus in the first asp ect of) 
J&e invention is constructed as above^he outer surfaces of the three or 
more chuck fingers arranged in spaced circumferential positions assume a 
generally conical shape, which is suitable for searching for the position of a 
£vorJinsertion hole ; When the outer juijfaces of the plural chuck fingers 
having such a shape are brought in&ontact^quaU^with the inlet of the 
insertion hole, it becomes possible to detect the position of the insertion hole 
accurately, and by a simple operation involving fixing the work 
chucking/inserting apparatusgo/the detected position and pushing in the 
work ,as chucked by the inner surfaces of the chuck fingers toward the 
insertion hole, it is^ade7"possible to insert the wortfmto the insertion hole 
in ay/ahgnedNstaWwith the hole. This can be done with an extremely • 



o 



simple structure^jnd that jrja short time and^a high working efficiency. In 

this case, the work chucking/inserting apparatus, after detecting the 

position of the insertion hole, memorizes the detected position and goes to a 

, r .« relieve a. ujonfc 

work feedMacSto^tch the worE. 

^Besides^the chuck fingers of the chucking/inserting apparatus can 
advance and retreat radially, so by adjusting the/advance and retreat of the7 



chuck fingers radially in accordance with the size of the worrit is possible 
to chuck, or handle, various sizes of works. Thus, this work 
chucking/inserting apparatus is suitaWe^foriise in^ articl| assembling 
a multi-type mixeJ)p*edu&Km=li»e. 



In the second aspect of the present iny^ri'tSon there is provided a 
work^hucking/inse^tog apparatus to be used for cMoking a work and 
og the wofK into an insertio^hoh/in flliVmnpnt withv.the hole, 




fingers 
oathable of advancing 



into an insertioio^je'in alignment witrrvtne hole, the 
^erting apparatus^inclu-ding three or mor£ chuck^ fingers, 
g arrangetT in circumfer^tially^spaced position\and 
retreating rad ially, ipnp r .surfaces of the chudN 



Att<trr\&TsvJyj -K<s : — 

I ringers serving as chuck surfacesffor chucking the work, and outer surfaces 

of .tire chuck fmgersgaving at leas^at^tip end portionsTtiTereoflsurfaces 
paraUel to^an inner peripheral surface of the insertion hol^fand capable of/ 



/being brought intojeontact with an inlet of the insertion hole 
jsffiEeTlRrwT^^ 

£ol tne invention is constructed as above] the outer surfaces of the three 
chuck fingers^ arranged in spaced circumferential positions, assume a 
generally cylindrical shape, which is suitable for searching for the position 
of a work insertion hole. When the outer surfaces of the plural chuck 
fingers having such a shape are brought info contactguallyjwith the inlet 
of the insertion hole, it becomes possible to detect the position of the 
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insertion hole accurately, and by a simple operation involving fixing the 
work chucking/inserting apparatus^ the detected position and pushing in 
the worl 




^insertion hol^, it is^ad^possible toinse rt the work into thej nsertion hole 

'with .the hole. NThis can be^done with an extremely 
I that in /a short fchrie and^ high working efficiency, 
work chucking/insertmg apparatus, after defecting the 

srtion hole, memorizes the\detected position and goes to 

f retried 
iition to/fetch the/work^ r 

: Besidesy' the chuck fingers of this wVfc chucking/inserting 

apparatus dan advance and retreat radially, jso by adjusting -the advance/ 

^and retrofit of the chucXfingers radially/in accordance witb\the work size' it 

is poss&le to chuck, or handle, various a&es of works. Thu«, this work 

chuoking/inserting apparatus is smta^>fe for use in an article assembling 

. line as a multi- 



i-type mixed producti^Hng^., 

In/the, third aspect JoHthe present invention ^hereis/provideff a 
jrfiK^Wikuigl^ be- usea .for chu^kmg^>work^anj7 

jTS^rting-'ffie-^^ 'We^c^hdFrrT^ 
work chucking/inserting apparatus including three or more chuck fingers 
and three or more hole position detecting fingers, the chuck fingers being 
arranged in circumferentially spaced positions and capable of advancing 
and retreating radially, the hole position detecting fingers p being arranged in 
rircumferentially spaced positions and pivotable inwards and outwards, / , / ■ 
^nteredUn/ base end portions thereof in ner surfaco s of the chuck fingers 



servag- as chuck surfaces for chucking the work, and outer surfaces of the 
hole position detecting fingers JtflliS tapered at least at tip end portions 
thereof, £o that the closer to? the tip^he more inwards the taper, and* 




["capable of comingjnt^ contact with an inlet of the insertion hole. 



/tl&ittes^t-iiiy^^ 

^^^J S-O^ej hole position detecting fingers, which are arranged in 
arcumferentially spaced positions ^^as^tir^^ 

/ ox^waiMis^wiJiJ^ are^generally conicaMit 

least at their tip end portions, which conical shape is suitable for searching 
for the position of the work insertion hole. When the outer surfaces of the 
plural hole position detecting fingers having such a shape are brought into 

(contacj^ with the inlet of the insertion hole, i^^comejpossibre to J^j^^i 

detect the position of the insertion hole accurately, ^nd'hy V sLmpk' 
operation Jinyolving fixing a body portionrfjthe work chucking/inserting 
apparatujpcqthe detected position and^usEing^the work^^^Lufiked-^} 

pC ptSOk<~<* - i J 

^possibl^ to^^ejrt^heJtvey^into the insertion hole in £y$^d^ 

the hole. ^Besides^Jn this casef^the work chucking/inserting apparatus, 
after detecting the position of the insertion hole, need not go to the work 



detecting the pogition 
feed^lace and feteKJthe work. 



th-^n^'^^emgly^imple str 



fto 



the msei*e&ns^oli 




• ^^^^^^^^^^ _ 
lesidejL 

j(J$ tf- apparatus^capj advance and retreat radially,^ by adjusting the ad vanc £ 
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\Beside$7the chuck fingers TusecT in] this work chucking/] 



inserting 



¥HtTea4HDf~^^^ 



siWe^e^lraek^oi^^ 
^ILidsk^ suitable for use m^aTaft^ 

^Ene ja^a multi-type mixed production fine. 
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in Jft^ 

^combination wit^ the above /tEird aspect, a work chucking/inserti^ 
/tipparatus wherein the base end portions oflthe hole position detecting 
fingers ^/^pivotally connected to tip end portions of the chuck fingers. 
According to this construction, when the work as chucked by the inner 
surfaces of the chuck fingers is inserted into the insertion hole,^is^only^/| 
mechanical error between the hole position detecting fingers and the chuck 
fingers^hat| comes into question. Since this error is very small and can be 
corrected relatively easily, the work can be inserted into the insertion hole 
accurately in alignment with the hole. - ~ 




. -r ^ — *v^ Y ^ ,wo*3T c nu^ j^g^jd^ertiag^ 

A fpt rn£]< y/c U/> j * t^t &zfti4 *rnb$d ttmTf ^l-ZI 
/apparatus wherein the bsfee end portions ofjth'e hole position detecting- 

fingerspe® pivotally connected to a base Portion ■■bJTwhich base end portions 

of the chuck fingers are v £suf(ported^ for radial advance and retreat. 

Accordin^o^this construction^, when the work as chucked by the inner 

surfaces of the chuck fingers is inserted into the insertion hole in alignment 

with the hole,/j£j mechanical error between the hole position detecting 

fingers and the chuck fingers^ through the base portion^ comes into question. 

But since this error is relatively small and can be corrected, the work can be 

inserted mto the insertion hole accurately in alignment with the insertion 

hole. ^Beside^, the hole position detecting fingers^can be^ pivotally 

supported in a more firm and stable manner. 

(Q> ffh* chucking/inserting apparatus^rther inclu^^ a tracer mechanism which, 
when the outer surfaces of the chuck fingers or of the hole position detecting 
fingers come into contact with the inlet of the insertion hole, causes the axis 
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of a conical surface defined by the outer surfaces of the three or more chuck 
fingers or of the three or more hole position detecting fingers to be aligned 
with the axis of the insertion hole. Thus, jby ja| mev^^^r^on^cSxsi^J 
the outer surfaces of the chuck fingers or the hole position detecting fingers 
^o advancejtoward the insertion hole, it is possibl/fc^d^tect the position of 
the insertion hb ^^^MftTtyogi^ of thft ipeerflSErtoIe can bedetecg^ 
^^w^renrely-easil^ 

/c^inati&n— with^^y^f^J^ 
rffft chucking/inserting apparatus^urther including a pushing mechanism for , > ^ 
pushing the work toward the insertion hole. ^cor(tog^thi^onstructiojf, 
when the position of the insertion hole has been detected, the chuck fingers 
have chucked the work and the axis of a cylindrical surface formed by the 
inner surfaces of the chuck fingers has become aligned with the axis of the . 
insertion hole, it immediately becomes possible to push the work into the 
insertion hole. Thusy inja still shorter time and^nja still higher working 
efficiency the work can be inserted into the insertion hole in alignment with 
the axis of the hole. 



-mf - Way J?* ^J^^^f M 



^apparatus wherein]|he inlet of the insertion holejisjchamfered^djtip end 
^portions^qf the ch^ck fingersy£re respectively formed witi^projections^^ch] 
^ ^Pj^ chamfered portion when the work is inserted into the 
insertion hole. As a result, even if the inlet of the insertion hole is 
chamfered, an inner peripheral surface of the insertion hole and a 
cylindrical surface formed by the inner surfaces of the chuck fingers become 
contiguous to each other. Besides, the chuck fingers are received by the 



9 



•ft t& 



chamfered portion and come to a standstill, so even if the work (e.g. piston) 
has a protuberance (e.g. piston ring) on its outer surface, the work can be 
inserted smoothly into the insertion hole (e.g., cylinder bore). Thus, such a 
protuberance is not an obstacle to an aligned insertion of the work into the 
insertion hole. 

^frTthe ninth aspect of the present invention there is provided^in^ 
/combination with any of the above first to eighth aspects, a work / 
^^fc? "fh ^chucking/inserting apparatusAvhereSWthe work is a piston or an assembly 



of a piston and a connecting ro^jand tM iii^rtaoii|hole is a-^ylMler bore. / 



/Acc8rdit|g to this construction, the work fm inserting tlie piston oft tKe] 
^/^toi^onnefe^^ rod assembly^tbw^ie msei^oil^li^ili ^ignment /^^y 



with an extr^elyfgimple structure arid that in a sliM 




^tih^hol^can be 
^ti^e %^in a high eikciency^ 
JJ^h^J^snt^^ 

cl^ckin^n^tiai^ 

fapparatus whereirJthe work is an assembly of a piston and a connecting rod^W 
the insertion hole is a cylinder bore, the chuck fingers chuck the piston, and 
the hole position detecting fingers also serve as means for chucking the 
connecting ro±£fy&Ji^^ 

jHijiis^ 

In the 





ivenfK"iaspyact of^the present invention tKei^lS^p^^ded a 
work chucking/inserting apparatus^ be used for chucking a work and 



inserting the"lvork into an insertion hole in aligAmenFrnth the hole, the 




work choking/inserting apparatus including three dkmore chuck fingers, 
the chuck fingers being arranged in circumferentially spaced positions and 
-j^yrie of advancing and ^treating radially, inn|r" surfaces of the chuck 
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fingers serving'as *6huck surfaces for chucking the 
portion' tapered such tha&the closer to the tij? 




and |a^t-lia^ng a 
f, the m|r| inwards' the 




tapak outer surfa'pl^f th#™ck fingersfbeing tapered at least aikip encf 
pfetio^s thereB%$that the closer >$gjfljj£ tips, the more iim^ds the &j>er, 
-and^p^ble^ the 



7^ work chucking/inserting apparatus includiag/a tracer mechanism for 
causing the axis of a conical surface defined by the outer surfaces of the 
three or more chuck fingers to be aligned with the axis of the insertion hole 
when the said outer surfaces come into contact with the inlet of the 
insertion hole, and^urther including a pushing mechanism for pushing the 

work toward the insertion hole. f _ 

rk chu^SIn^/uisertin; 




cted as 




en tn aspect 
bit the ^ame 



j^ffects as t|p^ menti|m^^m th^^a^ve first| sixtk^d seventh Aspects of / 
: vfenti^n , buftalstf it canltlain th^foUomng efferf^J I 



The inner surfaces of the chuck fingers are formed as chuck » 
surfaces for chucking the work, each having a portion taperedy§uch that tlie) 
^closer teethe tip thereof £ihe more inwards the taper, and the work 
fucking/inserting apparatus is further provided with a push mechanism 
£Tor pushing the work toward the insertion hole?j Therefore, even if the 
inner surfaces of the chuck fingers have already chucked the work when the 
work chucking/inserting apparatus^ detectiag the position of the insertion 
hole, the work chucking/inserting apparatus, after detection of the insertion 
hole position, stands still in the detected position and only the chuck fingers 
expand their tips radially outwards, permitting the work to pass 
therethrough. At this time, the pushing mechanism pushesnhe work, 

the work to. slide on the tapered portions of the inner surfaces of a 
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the chuck fingers. As a result, without v disengagement^rdro^of the work 
from the chuck fingers, the work can be inserted smoothly into the insertion 
hole wnnejKeingJ guided by the tapered portions. Thus, after detection of 
the insertion hole position, the work chucking/inserting apparatus is not 
required to memorize the detected position and go to the work feed/place7to 



^etcjj||th^^ it becomes^poM'ble to insert ^&^ i «vs!^-int6 

insertion hole in ahghment with the hole in a still shorter time and'in a 



still higher s^klMg ?; efficiericy. Further, for%liminating the need 



ofi oing to 



\ 




the work feea place and fetching the work it is^no longer required to proyide 
special hole position detecting ^^^f§^s^a^ately from the ^orF^uck 
^g^er*h^L*s, the structure of th\ work chucking/inserting apparatus is 
not Complicated. 

j( In the twelfth aspect of the pi^ent invention the^e is provided, in 

combination with the above feleveiith aspect, a work chunking/inserting 
apparatus wherein the inlet of |he insertion hole is cha$$te9S£&, and the tips 
of the outer surfaces of the chutk fingers are formed so !|at they can come 
I into abutment against the chamfered portion when t|p&wtfrk is inserted into 
the insertion hojjg^^^ccording to this constrjietign thijre can be attained the 
same effect asi^thejab^ove eighth aspect. 



In the tlnrteenl^spect of the present inV^ntioXthere is providechk 
work chucldng/inserting apparatus to be uged for chucking a work 
inserting the w&rk into anlnsertion hole to alignment with the ho. 



work chucking/inf^rting apparatus including^hree or more chuck fingl 
the chuck^fc^^Jtteing arranged in circumferenti^y spaced positions an 
capable bf advancing and retreating ra4ally, inner surfaces of the chuck 
fingersyerving as chuck surfaces/for chucking the work and eacn maving a 
^portion tapered such that th^os^r to the tip thereof, the moile inwards the 
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taper, end faces of the ^huck fingers^being flat at their portions except their 
portions close to their inner peripheral edfes, and capable/of comma into 
abutment against a wall surface which surrounds an inletlof the insertion 
hole, the said portions close tcM;he inner peripheral edge^being tapered 
such that the closer to the tips, th^ more inwards the taper, apd capable of 
coming u^HflS^^ inl/t of the insertion hole, the\inlet of the 

insertion %gle being chamfered, the portions close to the inne^ peripheral 



edges of the "end faces of the chuck fingers being capable of doming into 




the chamfered portion 



I 

idM 




e infet^of the insertion hole 



is inserted into fhe insertion hole, the work 



chutking/inserting apparatus also including a tracer mechanism for causing 
e axis of a conical ^nrface^Se 



ed by the portions close to the innlr 

peripheral edges of th\ end faces of the three or more chuckJEmerers to 

\ ■ f ^^^^ 

become aligned with the axis of the insertion hole when theftortions close to 
the said inner peripheral edges come into contact with thl inlet of the 
sertion ho^^id the work chucking/inserting ap^^atus-ftmher including 
; i pushing melanism for pushing the work toward tife insertion hole. 

the work chucking/inserting apparatus in the thirteenth 
abpect/of the invention is constructed as above, not only there caii be 
ajttained the same effects as in the above eleventh and twelfth aspect but 




fiiace Jhe end faces of the chuck fingers are flaty£t their portions*} 
;/taeuJportions close to their inner peripheral edges and can be 



except^ 

brought into abutment against a wall surface which surrounds the inlet of 



the insertion hole^asst^ince the jtm^c portions close to the ipner peripheral 
edges are taperedJsTuch that the closer to/ their tipsTthe more inwards the/ 
^tape r, and can come into) contact with the inlet of the insertion hole, the flat 



13 



s 

b 



10 



portions of the end faces of the chuck fingers can be allowed to serve as 
positioning faces for positioning the work chucking/inserting apparatus^/ 
axialUdHaeetiefip^ the insertion hole when the same apparatus detects 



the position of the insertion holejT^utihzing the tapered portions close to 
the inner peripheral edges of the end faces of the chuck fingers. As a 
result, the work chucking/inserting apparatus can b&rkept standstill in tfiel 
axialhtoectionf of the insertion hole/T beside? it is also possible to eliminate 
deflection of the axis and [hen ce possible} to v improve the accuracy in 
detecting the position of the insertion hole. 

In the fourteenth aspect of thd presm1>d^ve^on^E^r^is provided, 
in combination with any of the above eleventh to thirfeenth aspect^, a work 
erting apparatus wherein the work is a piston or 
piston ^L^^cbnnecting rod^aijd^ insertion hol^is^X^li&der bore. 
According to 'this coii^ruction, there can be attained the same effect as in 
th/abovelnM^ aspect. " ^ 

l£^4^c^£4fa^J^^ ^^^ds^pro^^driai 

jcetfihiW 

e^pushine mechanism^dssessesj a ^ l- 





^ „/the work. J^cording to this construction*/ 




atusydetecy 

the insertion hole, (imdfwhen the tip ends of the outer surfaces of the chuck 
fingers are expanded radially outwards ^Sue to passing j)fj the work 
therethrough or y%ft detectfteg the position of the insertion hole, since the 
pushing mechanism Z^cM the workC there is no fear of disengagement^/ 
[drppjf the work from the work chucking/inserting apparatus, nor is there 
any fear of deflection of the apparatusfeosturp? thus permitting the work to • 
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be inserted into the insertion hole positively and smootMy^eside^f since 
the work is^tiejpushed by the pushing mechanisi^r^sZ^onlSe tapered 
portions of the inner surfaces of the chuck fingers, there is no fear of 
damage to the work. 

I In the sixteenth aspect of the present invention there is provided) 
[jm^ assembling unit comprising^ robot ^which^ convey/ the work 

chucking/inserting apparatusySescribed in any of the above first to fifteenth) 

r- -\ , — J7o 

/asp ects up [to the position of the insertion hole and /which*} control/ the 

Jjposturejof the work chucking/inserting apparatus so that the work is 

inserted into the insertion hole in alignment with the hole. 

N^----^ /According to the assembling unit in the above sixteenth aspertjrf/ 

/the inventio^ / ?^racer control ^ij^e work chucldng/inserting appa ratus^ 

(which control is made to? deteclffihe position of the insertion hole, the 

conveyance of the apparatus upJ;o the position of the insertion hole, and/a 7 

y~postureJ;ontrol for*4he apparatus with respect to the insertion hole, can be 

done automatically using the robot. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing the whole of an assembling 
unit equipped with an XYZ orthogonal coordinate robot on which is 
mounted a work chucking/inserting apparatus according to/ah embodiment 



J^$he first embodimen^of the inventi^^serihed-] 

Fig. 2 is a perspective view of the work chucking/inserting 
apparatus; 

Fig- 3 isa perspective view of a posture control robot for controlling 
the^posturejof the work chucking/inserting apparatus around 6* G y <9 Z 
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axes^ which robot is interposed between the work chucking/inserting 
apparatus and the XYZ orthogonal coordinate robot; 

Fig. 4 is an explanatory diagram showing, in a modeled form, the 
structure of a principal portion of the work chucking/inserting apparatus. 

Fig. 5 is an explanatory diagram showing, in a modeled form, the 
structure of a principal portion of a work chucking/inserting apparatus 
according to ^S^mbodiment^M second embodimen^ of the invention/ 
^described in the above second aspect^ 

Fig. 6 is an explanatory diagram showing, in a modeled form, the 
structure of a principal portion ^of a work chucking/inserting apparatus 
according to^an embodime^t_J^fe third, embodimen^of the invention/ 
£<^erihed^ 

Fig. 7 is an explanatory diagram showing, in a modeled form, the 
structure of a principal portion of a work chuckiiig/inserting apparatus 
according to Jan embodim ent jj^ ke fourth embodimenj57of the invention/ 
^A&s^rbe d in - t h o abovo fifth aspe etPj) 

Fig. 8 is an explanatory diagram showing, in a modeled form, the 
structure of a principal portion of a work chucking/inserting apparatus 
according tojaii^ embodiment^J^ fifth embodimen^of the invention^ 
^ descri bed in the above tenth as Pe<^ 

Fig. 9 is an explanatory diagram showing, in a modeled form, the - 
structure of a principal portion of a work chucking/inserting apparatus 
according to Jan embodiment ]0& sixth embodimenj^of the invention \ 
/desc ribed in the above seventh aspectTj / 
Fig. 10 is a diagram showing a modification of the sixth 
embodiment illustrated in Fig. 9; 

Fig. 11 is an explanatory diagram showing, in a modeled form, the * 
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structure of a principal portion of a work chucking/inserting apparatus 
according toj^^embodiment^fe seventh embodimen^yof the invention^ 

Fig. 12 is an explanatory diagram showing, in a modeled form, the 
structure of a principal portion of a work chucking/inserting apparatus 
according to a nfem bodiment (th^ eighth embodimenj^ of the invention^ 

Fig. 13 is a, diagram showing a series of operations of the work 
chucking/inserting apparatus illustrated in Fig. 12jfjn_a successive manne^ 

Fig. 14 is an explanatory diagram showing, in a modeled form, the 
structure of a principal portion of a work chucking/inserting apparatus 
according to ^n^ embodiment (th^ ninth embodimenj^ of the invention^ 

Fig. 15 is a diagram showing a series of operations of the work 
chucking/inserting apparatus illustrated in Fig. l^ma successive mannej?; 

Fig. 16 is a diagram showinj^jin a successive manners series of 
operations of a work chucking/inserting apparatus according to J^J 
2^abodiment (thejtenth embodimen^of the invention^fiescribed in the Jibov^ 
ySftee nth aspectTJ ^p. 
Fig. 17 is a diagram showing /"an operational step; of insertra^ K 
work into an insertion hole with use of a conventional inserting jig," 

Fig. 18 is a diagram showing another step using the conventional 
inserting jig; and 

Fig. 19 is a diagram showing a further step using the conventional 
inserting jig. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

yjth^ first embodiment/of the invention v described In the above first, sixthJ 
th and sixteenth aspects, which is illustrated in/Figs. 1 to 4. 

Fig. 1 is a perspective view showing the whole of an assembling 
unit eqmpped^ith an XYZ orthogonal coordinate robot on whiab^is 
mounted a work c^G^mg/inserting apparatus accordm^ first 
embodiment, Fig. 2 is a perspective view of thej^ofk chucking/inserting 
apparatus, Fig. 3 is a perspec^\^\^^of^posture control robot for 
controlling the posture of the wor^h1icldn|/inserting apparatus around 6 
x 0 y 6 z axes which^'robot is interposed between the work 
chucMng/insertin^a^paratus and the XYZ orthogonal cobsdinate robot, and 
Fig. 4 is^M^e^lanatory diagram showing the structure^o^V^rmcipal 
tion of the work chucking/inserting apparatus in a modeled form. 




The work chucking/inserting apparatus of this first embodiment is 
used for insertm^iston into a cylinder bore in alignment with the bore Q 
an internal combustion engine assembling process. As shown in Fig. 1, in 
an assembling unit 1 for inserting a piston into a cylinder bore, a work 
support base 10 is installed centrally of ^floo^2, a first XYZ orthogonal 
coordinate robot (hereinafter referred to as "the first robot") is installed on 
the right-hand side in Fig. 1 of the75ooij2, and a second XYZ orthogonal 
coordinate robot ("the second robot" hereinafter) 30 is installed on the left- 
hand side in Fig. 1 of the^&ooiy2. Between the work support base 10 and 
the first robot 20 is provided a temporary work rest 40. 

The work support base 10 is provided on top thereof with a 
turntable 12 on which is placed a cylinder block 11 as one jtyoij!.. For 
inserting an assembly (see Fig.2, hereinafter referred to simply as 
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"assembly") 61 of a piston 62 and a connecting rod 63 into a cylinder bore 13 
of the cylinder block 11, the first robot 20 carries the assembly 61 up /Eo the? 
position^the cylinder bore 13. The second robot 3ft/c^rieya pair of chuck 
arms 31 through an ^jpp osite - si defop enin g of the cylinder bore 13/^t^the 
interior of the bore, the chuck arms 31 functioning to chuck and guide a 
tip end portion of the connecting rod 63 to be inserted into the cylinder bore 
13. On the temporary work rest 40 are/fested?a plurality of assemblies 61 
Jas thejrther work, standing by for/the work inserting oper ation ) into^e7 
cylinder bor<?13. The cylinder block lT^tS^oux cylinder£tha/iy there 
are provide d^bur cylinder bores 13 anffiour assemblies 61. 

As shown in Fig. 2, each assembly 61 is chucked by the work 
chucking/inserting apparatus of this embodiment, indicated at 60. As 
shown in Fig. 3, the work chucking/inserting apparatus 60 is supported by a 
posture control robot 50' The posture control robot 50 is equipped with 
motors .5L 52 and 53 around three shafts O x 9 y 9z for correcting/Sri/axial 
^eflecti^anc^rotational^eflectio^Iof the assembly 61. As shown in Fig. 
1, the posture control robot 50 is fixedly secured to a Y shaft of the first 
robot 20 and is thereby supported by the first robot 20. 

Next, reference will be made below to the structure of the work 
chucking/inserting apparatus 60. 

As shown in Fig. 2, the work chucking/inserting apparatus 60 has 
six piston chuck fingers 65 projecting in a leftward and downward direction 

in Fig. 2 from a base portion 64 of the apparatus. The six piston chuck 

^ ^ **x>u*d a cental 

lingers 65 are arranged orcumferentially at equal intervalsVand can 

advance and retreat radially. Inner surfaces of the chuck fingers 65 serve 
as chuck surfaces for chucking the piston 62, while outer surfaces thereof 
are tapered at least at their tip end portions so that the closer to their tips, * 
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the more inwartj^/ the taper. The shape formed by combination of all the 
six piston chuck fingers 65 is a tapered shape which is narrower at their 
tips, and the outer surfaces thus tapered of the piston chuck fingers can 
contacyan inlet of the cylinder bore 13 being opened toward the first robot 
k 20 side. In the illustrated embodiment, chuck fingers 65 are tapered over 
the greater part^n the longitudinal direction thereoflin such a manner that 
the closer to their tips, the more inward^ the taper. The tapeij^ot the outer 
.surfaces of the piston chuck fingers 65 are arranged on a single (virtual) 
.conical surface. The number of the piston chuck fingers 65 is three or more. 
fO FWfi xe P iston chuck .fingers 65 are arranged in circumferentially spaced / 
positions,£t will do. Buypreferably^Hiey are arranged] at equal interval^Sr^ 
^tEe circumferential direction^ 

The mechanism for causing the piston chuck finger 65 to advance 
and retreat radially on the base portion 64 is a known mechanism. Though 
not shown, a pin^project^^^'the back of a leg portion of each piston 
chuck finger 65, and a cam plate formed with a cam groove which the pin 
fonow^is^ccommodate^in the interior of the base portion 64. As the cam 
plate rotates forward and reverse, the pin reciprocates in the cam groove in 
a relative manner and the piston chuck finger 65 integral with the pin 
3& advances and retreats radially. The rotation of the cam plate is performed 
by a motor 66. 

An air chuck 67 i^attached\in tegral l^/ to the base portion 64 and a 
pair of connecting rod chucking arms 68 extend from the air chuck 67 in the 
same direction as the piston chuck fingers 65. The connecting rod 
chucking arms 68 are L-shaped and the tips of their L shapes chuck^laxgej 
/diameter sidejof the connecting rod 63 in alignment with the piston 62, the 
connecting rod 63 berng^nounted|to the piston 62. rfy^ermittinffior cutting * 
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off the supply of air pressure to the air chuck 67, the paired connecting rod 
chucking arms 68jf|winj| toward or away from each other. When the arms 
68 swing toward each other, they chuck the£arge-diameter side) of the 



connecting rod 63. 

A force sensor 69 is integral with the back^a Fig. 2)of the base 
portion 64. When the outer surfaces of the six piston chuck fingers 65 are 
brought into pressure contact with the inlet of the cylinder bore 13 (see Fig. 
4) for detecting the position of the cylinder bore, the force sensor 69 detects 
the magnitude and direction of a resultant force F of reaction forces which 
the piston chuck fingers 65 receive from the^cylinder bore 13. The 
resultant force F of the reaction forces comprises force components Fx, Fy, Fz 
and rotational force^comnonents F 0 x, F 0 y, F e z acting around the axis 0 X> 
0 y and 6z. Therefore, the resultant force F of ^reaction forces which the 
piston chuck fingers 65 receive from the v cylinder bore 13 can be expressed 
asfollows^ 

— F = F(Fx,Fy,Fz,F 9 x > F 0 y,F^ 2 ) 

^hat thff force components Fx, Fz, F e x, F 9 y and Fezfare present^ 
in(ficat^/jt&at there occurs^ a relative positional deviation between the 
cylinder bore 13 andX virtual conical ^urface defined by the outer surfaces 
of the six piston chuck fingers 65 or^ virtual cylindrical surface (chuck 
surface) defined by the inner surfaces of the six piston chuck fingers. In 
this connection, if /he presence of the?force components Fx, Fz, F^x, F 6 y and 
F Q z detected, the position of the work chucking/inserting apparatus 
having the six piston chuck fingers 65 is corrected repeatedly by Jji_J 
movement jjuantity contropin XZ direction^^dQuse of the first robot 20 
and also by^rotation^I quantity con trocar ound the 0 X} 6 y and O z axes 
2^^use of the posture control robot 50,^which controls are mad^so that 3 
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those force components are eliminated, that is, Jthere remains] only the force 

yfif rvma/Vu *- —J 

component Fy hrY direction/ 

In this way the position of the work chucking/inserting apparatus 
60 is corrected repeatedly foUowmg^the position of/the cylinder bore 13. 
When the aforesaid force components have been eliminated or almost 
eliminated, the position of the work chucking/inserting apparatus 60 can be 
regarded as corresponding to^an)exact position of the cylinder bore 13. At 
this time, the axis of a single conical surface defined by the outer surfaces of 
the six piston chuck fingers 65 and the axis of a single cylindrical surface 
defined by the inner surfaces of the six piston chuck fingers are aligned 
with the axis of the cylinder bore 13,, and the position of the work 
chucking/inserting apparatus 60 is memorized. 

Since the six piston chuck fingers 65 of the work chucking/inserting 
apparatus 60, the first robot 20 and the posture control robot 50 function as 
above, it can be said that they combine together to constitute a tracer 
mechanism for detecting the position of the cylinder bore 13. 

/Accofoing tojsuch a method for detecting the position of the 
cylinder bore 13,Vrelative positional deviation ^quantityj? and v rotational 
deviation ^antity^ of the cylinder bore 13 with respect to the work 
chucking/inserting apparatus 60, are detected as electrical values and 
instructions are given to controllers of the first robot 20 and the posture 
co njp-ol robot 50, causing the work chucking/inserting apparatus 60 to move 
in^Z plane or^rotate around the XYZ^gtary^hafts so as to eliminate those 
deviations. Instead of such an electrical method there may be adopted a 
mechanical method. 

example of a mechanical method|^er^isyk^own\a/ method 
using a floating mechanism. According to this method, a floating 



22 



0* 



mechanism is used as a substitute for the force sensor 69 used in the above 

electrical method. In this case, the tip end portion of the work 

chucking/inserting apparatus 60, i.e., the tips of the six piston chuck fingers 

65 of the work chucking/inserting apparatus 60, are brought into pressure 

contact with the inlet of the cylinder bore 13 and are then inched 
-fhe 

longitudinally (in^Y direction). As a result, the floating mechanism 
_ 4//0*Ul- -to •/-/<£ 

^operates anaythe work chucking/inserting apparatus w&Aej in^Z plane, 

permitting an automatic alignment. 

As shown in Figs. 2 and 3, a mounting arm 70 projects from the 
back of the force sensor 69 attached to the work chucking/inserting 
apparatus 60 and is secured rotatably to a third frame 54 of the posture 
control robot 50, whereby the work chucking/inserting apparatus 60 is 
suspended from the posture control robot 50. A motor 51 is fixed to the 
third frame 54 and a rotary shaft thereof is connected to the mounting arm 
70 so as£noj|to^eimitj| relative rotation thereof. Thus, with the motor 51, 
the work chucking/inserting apparatus 60 can^rotate^ound the 6* axis. 
The third frame 54 is suspended from a second frame 55 so that it can be 
rotated around the 9 y axis by means of a motor 52. 

The second frame 55 is suspended from a first frame 56 so that it 
can be rotated around the 6 z axis by means of a motor 53. The first frame 
56 is fixed to the Y shaft of the first robot 20. In this way the posture 
control robot 50 is supported by the first robot 20. 

^ Since the work chucking/inserting apparatus 60 is thus suspended 

I by] the posture control robot 50 and the posture control robot 50 is thus 

^ J4tZf 
supported by the first robot 20, it becomes possible to Effect/the position 

^detection forjthe cylinder bore l^ghicEJ utilizfes^the tracer mechanism and 

an aligned insertion of an assembly 6 l^wh ich wil l, b e- d oeeri beiHate^ into the 
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A more detailed description will be given below jabou^ the 
operations of the work chucking/inserting apparatus 60, the posture control 
robot 50 and the first and second robots 20, 30. 

When the position of the cylinder bore 13 is detected in the manner 
described above, the axis of the cylinder bore 13 and that of a single conical 
surface defined by the arrangement of the outer surfaces of the six piston 
chuck fingers 65 or of a single cylindrical surface defined by the 
arrangement of the inner surfaces of the six piston chuck fingers are 
aligned with each other and the position of the work chucking/inserting 
apparatus 60 (the positiop^on the XYZ shafts and£aj[ rotational position^ 



around the Ox 6 y 9 Z axes|m]this instant^^memorized. Therefore, the 
first robot 20 then leaves the detected position of the cylinder bore 13 and 
conveys the work chucking/inserting apparatus 60jfuplto the position of the 
temporary work (piston) rest 40. ^ 

At this time, the axis of a single conical surface defined by the 
arrangement of the outer surfaces of the six piston chuck fingers 65 is 
^fenderedjvertical and the six piston chuck fingers 65 are moved so as to 
become positioned just above a specific piston 62 placed on the temporary 
work rest 40. The six piston chuck fingers 65 are then moved further 
downward by the first robot 20 and the motor 66 is turned ON to let the 
piston chuck fingers 65 advance and retreat radially, whereby the piston 
chuck fingers 65 can chuck the piston 62. The connecting rod 63 is integral 
with the piston 62 and is chucked by the paired connecting rod chucking 
arms 68 in alignment with the piston 62 when the piston chuck fingers 65 
chuck/the piston 62. 

When the six piston chuck fingers 65 have thus chucked the piston 



24 



m 



62, the first robot 20 conveys the work chucking/inserting apparatus/up? to 



the pre-memorized position on the XZ shafts, and the posture control robot 
50 causes the work chucking/inserting apparatus 60 to rotate^pjTo the pre- 
memorized rotational positior^ around the Ox 9 y 9 Z axes, now ready for 
the start of*operation for inserting the assembly 61 into the cylinder bore 13. 

Then, the first robot 20 conveys the work chucking/inserting 
apparatus 60 along the Y shaft until the six piston chuck fingers 65 come 
into abutment against an end face of the inlet of the cylinder bore 13 and 
inserts the assembly 61 into the cylinder bore 13 from the tip end side of the 
connecting rod 63. Upon this insertion of the assembly 61 into the cylinder 
bore 13 the paired chuck arms 31 which have been moved into the cylinder 
bore 13 from the opposite-side opening of the bore^and which are now in a 
stand-by stat^ chuck the tip end portion of the connecting rod 63, then the 
paired connecting rod chucking arms 68 release the connecting rod 63 and 
retreat. At the same Mme^^e paired chuck arms 31 also retreat. As a 
result, the piston 62 is/foawiDinto the cylinder bore 13. 

When the six piston chuck fingers 65 have come into abutment 
against the end face of the inlet of the cylinder bore 13, theii|mner)surfaces 
are flush with the inner peripheral surface of the cylinder bore 13, and the 
axis of the cylindrical surface defined by the inner surfaces of the piston 
chuck fingers 65 is aligned with the axis of the cylinder bore 13, so that the 
piston 62 is inserted smoothly into the cylinder bore 13. 

v The ah^ve operations are reputed for each of plural cylinder 
13 V/ / X 



ice this "first embodiment is constructed as^above, it impossible to 



\ 



obtain me following effects/ 
y 1 The work^ch^c^g^ijiserting apparatus 60 p&d fcrf^nserting the 



0& 




piston 62 into the cylinder bore. 13 in alignment wim the bore has six piston 
chuck fingers §5, the piston chuck fingers s §5 being arrant 



circumferentif 



at equal intervals and /capable of . advancing/ and 



retreating^ra^ially, the inner surfaces <^1;h/ piston chuck fingers §j£ serving 

X 7\ \/ 

as chuck surfaces for chucking the pistor/62^the outer surfaces M the piston 



A 



chuck fidgers 65\being tapered at le^/t at theiiS^ip end portions so that the 
closet to their tips, the more inwards the taper, ands^apable of coming itffeo 
contact with the inlet oPft^e cinder bore 13. 

As^a resuj?, the outer surfaces of the six piston chuck fingers 65 
arranged circumferentially at equal intervals define a generally conical 
shape, which shape is suitable for searching for the position of the insertion 
hole (cylinder bore 13) for the piston 62. When the outer surfaces of the six 
piston chuck fingers 65 having such a shape are brought into contact 
equally with the inlet of the cylinder bore 13, it becomes possible to detect 
the position of the cylinder bore 13 accurately, and by merely fixing the 
work chucking/inserting apparatus 60^o]the detected position and pushing 
(drawing) the piston 62 chucked by the inner surfaces of the six piston 
chuck fingers 65^ toward the cylinder bore 13, itJS mad^possible to insert 
the piston 62 into the cylinder bore 13 in alignment with thej^ore. Thus, 
with an extremely simple^sj^^ into 



^aEgned with jthe cylinder bore 13 in a short time and^ jQhigh working 
efficiency. 

r Bet* 0 ** 

£\Besides^ the six piston chuck fingers 65 of the work 
chucking/inserting apparatus 60 can be advanced and retreated radially,^^ 
by adjusting the radial advance and retreat of the chuck fingers 65 in 
accordance with the size of the piston 62, it is possible to chuck, or handle, 
various sizes of pistons 62 and thus the work chucking/inserting apparatus 
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60 is suitable for an engine assembling line £as) a multi-type mixed 
production line. 

Moreover, in the case where the work chucking/inserting apparatus 
60 is provided with a tracer mechanism so that the axis of a conical surface 
defined by the outer surfaces of the six piston chuck fingers 65 is aligned 
with the axis of the cylinder bore 13 when the a^T outer surfaces contact 
the inlet of the cylinder bore 13^^mere operation of advancing the outer 
surfaces of the piston chuck fingers 65 toward the cylinder bore 13 permits 
detection of the cylinder bore 13 position, and thus the position of the 
cylinder bore 13 can be detected extremely easily. 

Further, since the assembling unit 1 is equipped with a robot for 
conveying the work chucking/inserting apparatus 60/upjto theposition of 
the cylinder bore 13 and for controlling the ^ostur^ of the work 
chucking/inserting apparatus 60 so that the piston 62 is inserted into the 
cylinder bore 13 in alignment with the bore, tracer control^for the workj) 
^6hu*fe^in^ for detecting the position of 

the cylinder bore 13, conveyance of the work chucking/inserting apparatu^.^^ t 
6(^upJto the position of the cylinder bore 13 and^posturgfcontrol^r[the 
work chucking/inserting apparatus 60 with respect to the cylinder bore 13 
can all be done automatically by utilizing the robot. 

fr=T A 

/Descrip;ti(m^^^ second 
embodiment^ of the invention v described £5 the foregoing second a spect ^ 
^which is illustrated^ Fig. 5. 

Fig. 5 isa^e^lanatory diagr^^ow^ fqpih, the 

structure rf.a^principal pbaction ofa work chucking/insert 
accojdifig toT^e second emt^^m^nt. 

In the work chucking/inserting apparatus of the second 
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embodiment, indicated at 60, outer surfaces of six piston chuck fingers 65 
are not tapered at their tip end portions 65a, but are arranged on a single 
(virtual) cylindrical surface, which is formed so as to become parallel to the 
inner peripheral surface of the cylinder bore 13 when the axis of the 
cylindrical surface and that of the cylinder bore 13 are aligned with each^ i 
other. Therefore, when the six piston chuck fingers 65 are ^retreatedf^ 
radially, the tip end portions 65a of the outer surfaces of the six piston 
chuck fingers 65 can contact the inner peripheral surface of the inlet portion 
t of the cylinder bore 13. <JTA<zraJ'fe y 

"rfe§Ettbed*~^eve^^^ 

J diifereniH^om^ 

different from the first embodiment, so a detailed descriptioi^iere^will be e^i^/m 



omitted. x rtl 

^Sincj^ the second embodimentjS^constructed as a bovj^ ifjhayv 



LllCj^ 

contact pressure variS^ among the six piston chuck fingers 65 -upon contact 

J 

of the tip end portions 65a of their outer surfaces with the inner peripheral 

surface of the inlet portion of the cylinder bore 13, i£ detected with use of 

|^th^force sensor^as the force sensor 69 used in the first embodiment, it is 

possible to detect the position of the cylinder bore 13. In addition, there 

can be attained the same effects as in the first embodiment. In this second 

embodiment, the mechanical method using a floating mechanism is most 

suitable for detecting the position of the cylinder bore 13. 

fNext, a description will be given below about an embodiment (the/ 
' usul no he — — [ 

Zff y\ third embodiment of the invention v described /in t he foregoing thir d an if ? 
— uj ; fk T^^r&ace % * 

jTfourth aspects, which is illustratecHnffig. 6. 

~^Figr6n's~^ sh-owiff^^ / 

str^etuTe^of^^principal^p ortion^of~a™work - eh-ueldrig/insertmg^app aratus J 
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according to the third embodiment. 

In the work chucking/inserting apparatus of this third embodiment 
indicated at 60,/a position detectin^functioi^or the insertion holejcylinder 
bore lg)1 and^^work '"(piston , *62) chucking and inserting Tftmctioi? are 
imparted to two separate members ^espectiye^ In thi^^^Th^hird 
embodiment is different from the Jj^evious^ first embodiment. More 
specifically, inner surfaces of piston chuck fingers 65 serve as chuck 
surfaces for. chucking the piston 62, but outer surfaces thereof are not 
^oncefnedj in detecting the position of the cylinder bore 13. It is v hole 
position detecting fingers 71 separate from the piston chuck fingers 65 that 
/are concerned in) detecting the position of the cylinder bore 13. 

The hole position detecting fingers 71 are provided in the same 
number, i.e., six, as the piston chuck fingers 65 and are arranged 
circumferentially at equal intervals. Base end portions of the hole position 
detecting fingers 71 are pivotally connected to tip end portions of the piston 
chuck fingers 65 so as to be pivotable inwards and outwards with their 
pivoted base ends as fulcrums. Like the outer surfaces of the piston chuck 
fingers 65 in the first embodiment, at least tip end portions 71a of the outer 
surfaces of the hole position detecting fingers 71 are taperedFuch that thej 
^close r? tcy their tipd^the more inwards the taper, an d can} contact Y the inner 
peripheral surface of the inlet portion of the cylinder bore 13. 

The piston chuck fingers 65 and the hole position detectinjg fingers 
7 ljboth usedii^ this third embodiment combine together tc^exhibi^the same 
functioi^a^^^)f the piston chuck fingers 65 used in the first embodiment. 
The piston chuck fiiigers 65 used in the first embodiment correspond toM. 0 
^oited one of botf^ piston chuck fingers 65 and hole position detecting 
fingers 71 used in the. third embodiment. After the hole position detecting * 
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fingers 71 have^layed the role of detecting the position of the cylinder bore 

13, they are pivotally moved outwards aad/afe\^ejrefore/not an obstacle to 

the insertion of the piston 62 into the cylinder bore 13. OJ/e^uJ/ye, ftfj 

■yf ^This^third embodimen^s^iifferent^the above poin^from the first 

embodiment,[but there is nothing else different from the first embodiment" 

^yr7jicr 1 — '_] 

so a^detailed explanation thereof will be omitted. ^ 

third 

embodiment/^ hole position detecting fingers 71 

^ca^fulfill the role of detecting the position of the cylinder bore 13 while the 
piston chuck fingers 65 continue to chuck the piston 62. Thus, it is not 
necessary for the work chucking/inserting apparatus to go to the temporary 
rest^the piston 62 a^fetcl\^^piston 62. Consequently, the piston 62 



can be ^serte dL int^and^^gned witMthe cylinder bore 13 in a/6till?shorter 

WHnZ ^ 1 

timeandAna still/higher working efficiency than in the first embodiment. 

/^Beside^, since the base end portions of the hole position detecting 

fingers 71 are pivotally connected to the tip end portions of the piston chuck 

fingers 65,^it is]onl^T^mechanical error between the hole position detecting 

fingers 71 and the piston chuck fingers 65/^at]comes into question at the 

time of inserting the piston 62 into the cylinder bore 13/m alignment with) 



thejfbore whic^piston^Sjhucked by the inner surfaces of the piston chuck 
fingers 65. Since this error is very small andean be corrected easily, the 
piston 62 can b^lnsert^ cylinder bore 13 more 

accurately. In addition, there can be attained the same effects as in the 
first embodiment. 
/_Itor1!o^ 

, -// v _/ 



^(the) fourth embodimengjof the invention v describedym the foregoing ,fift£7 
^sp^ra>wfa*6h-:re^^ 7. 
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Fig.; is an explanatory/diagram showing, in ^\modeled^orm, the 



structure^ a principal pb^tfon of a work chucldng/in§0^g apparatus 
accord^ t^he fourth euahodim^nt. 



*9 

In the. work chucking/inserting apparatus^ of the fourth 
embodiment,^dicated atj>0^ base end portions of six hole position detecting 
fingers 71 are pivotally connected to an outer periphery of a base portion 64. 
^^^^B= ^cx-dbov o p oint this fourth embodiment is Sli^fe^fi the 
^reviousj third embodraent^fe;^^ 

/thi rd embodiment^ aV&etailed description thereof will be omitted. 

JSincje^the fourth embodiment Hs constructed as above? the hole 
position detecting fingers 7 l^can b(p pivotally supported more firmly apd 
stably than in the third embodiment. J Iu^ addition, there can be attainec 
substantially the same^effect^ as in the third embodiment. 




embodim^^ . „ 

£is illustrated^ Fig. 8 



structure 



— ^ i 

. Fig. 8 is^tn explanatory diagrap^howing, in\a modelejMorm, the / 



principal portion\^a work chucking/in^rfoig apparatus? 




according to t^e fifth embodimtmt. 



In the work chucking/inserting apparatus of this fifth embodiment, 
^cheated at 60^jtwo of the six hole position detecting fingers 71 used in the 
fourth embodiment serve also as a pair of connecting rod chucking arms 68 
(see Fig. 2] |wb ich are mean^for chucking the connecting rod 63. 

To this end, the two hole position detecting fingers 71 are 
respectively formed with extending portions 71b which reach the connecting 
rod 63 a^goi^ the tip end portions 71a of the outer 

surfaces which are tapered for detecting the position of the cylinder bore 13. 
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The remaining four hole position detecting fingers 71 do not have such 

extending portions 71b, but are of the same shape aefthe extending portions 

71l£excluded shape of the a bov^ two hole position detecting fingers 71. 

£Ln the above pomy this fifth embodiment is£(gerent fronj) the 

/"previous) fourth embodiment, jbut there is nothing else different from the) 

ffourth embodiment, iso a detailed explanation thereof will be omitted. -~ ■ 

-provides afr*t*fii*fi;&*4W t W iJMe 
^Since^fhe fifth embodimentJIs constructed as abovef) the paired 

connecting rod chucking arms 68 j£an be constituted in an extremely simple} 

Tmanner without using anyjseparate member different from the hole position 

detecting lingers 71, addition, there can be obtain<ed)the same effects as 

in the fourth embodiment. 

^Inj^he fifth embodiment it is not limited to the two hole position 

detecting fingers 71 that are^used^a^ the paired connecting rod 

chucking arms 68. Four hole position detecting finger^ Jngy be divided i nto"] 

two on the right-hand side and two on the left-hand side |nd the resul ting^ 

/two pair^may be used for the same purpose. There also may be adopted a 

modification wherein one or two hole position detecting fingers 71 are 

attached to each of the paired connecting rod chucking arms 68. 

H&ferenee— wiJL^^ sixth 

I— — ^ a>///wo^Jpe ' 

embodimen£]of the invention ^describedy^~the-^ 

£ which is lUustratedinjFig. 9. 

^ Fig. 9 is ^explanatory (hagran^lTowing>4n a model^d^bnn, the 

/ . 




structure of^yprincipal portion^^work chucking^^rt^g apparatus 
according^ the sixth embodktfent. X , ~ 

In the work chucking/inserting apparatus of this sixth embodiment, 
^indicated at 6o] there is provided a pushing mechanism 72 for pushing the 
piston 62^H±^(worf toward the cylinder bore 13^4^insertion hol^? 
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The pushing mechanism 72 is fixed to a base portion 64 on the side where 
piston chuck fingers 65 are provided, andfit is provided with) a cylinder 73 
and a plunger 74 projecting from the cylinder 73. TEe plunger 74 is 
^pushedj with jg) pneumatic pressure or^ajkydraulic pressur^/and is therebyj 

cylinder bore 13 and is inserted into the cylinder bore 13,^fChe pushing 
mechanism 72 may be^Gnstitute^electrica^. 

The pushing mechanism 72 used in this sixth embodiment is 
applicable to any of the previous first to fifth embodiments, fin] this sixth 
embodiment/ except the 
different from^os^ previou^ 
will be omitted. 

£^Bce|the sixth embodiment^^constituted as jahov^, when the 
position of the cylinder bore 13 is detected and the sbj^f piston chuck 
fingers 65 chuck the piston 62,gmdJupon alignment of the axis of a (virtual) 
cylindrical surface defined by the inner surfaces of the piston chuck fingers 
65 with the axis of the cylinder bore 13, it becomes possible to push the ; 
piston 62 into the cylinder bore 13. Thus, the piston 62 can b^inserted 
into Juid aligned witD the cylinder bore 13 in a shorter time andfinla hieher 
working efficiency. /Beside^, since the Y shaft of the first robot 20 is not 
used for pushing the piston 62 into the cylinder bore 13, the piston 62 can 
be inserted into the cylinder bore 13 with ; a high accuracy while allowing 
the piston chuck fingers 65 to substantially stand still. 

When the piston 62 is to be pushed iiito the cylinder bore 13, the 
piston chuck fingers 65 are slightly^etreatej radially, so that the chucking 
force sij^piston chuck fingers 65 for the piston 62 is^eakene^ 

slightly, whereby the piston 62 is allowed to move toward the cylinder bore 
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13 while sliding on a cylindrical surface defined by the inner surfaces of the 
six piston chuck fingers 65. Thus, the piston 62 can be inserted into the 
cylinder bore 13 smoothly whHe^reservingf^its^^ure^thout any damage 
thereto^ In addition, there canHJe attained! the same effects as in the 
previous first to fifth embodiments. 

Fig. 10 illustrates a modification of the above sixth embodiment. 
In thi$ modification, the piston 62 is provided with a piston ring 75 on its 
outer peripheral surface. The piston ring 75 is fitted in an annular groove 
formed in the outer peripheral surface of the piston 62 and^ossesses) 
resifienler Therefore, a contact force most suitable for the piston ring 75 to 
slide on the inner chuck surfaces of the piston chuck fingers 65 can be 
obtained easily by adjusting thejreturn quantity (retreat quantityY of the 
piston chuck fingers 65. ^ 

^Des cription will now be directed to an embodiment (the? seventh 
embodiment^ of the foregoing eighth aspect, which is iUustrate£^Fig. 11 



Fi^fT is an explanatory^diagram showing; in^af^odeled form, the ] 
stniciu^^^f a principal por^T of a work chuck^/ins^t^g apparatus J 
a^d^n^bs^he seventh embodimeh^ of the ppe^€^ invent^^ 

In the. work chucking/inserting apparatus*' of this, seventh 
embodiment,^ndicated at 6oJthe inlet of the cylinder bore 13 is chamfered 
at 76, while tip end portions of six piston chuck fingers 65 are respectively 



formed with projections 77 wWhjban fill ujy the chamfered portion 76. 
Therefore, when the tips of the six piston chuck fingers 65 areyfrut in^ 
abud^teat- against the inlet end face/ )f the cylinder bor^'l^uj^ insertion 
of the piston 62 chucked by the sixpiston cbuck fingers '6 5-into the cylinder 
bore 13, the projections 7TATan:fill up/the chamfered portion 76ftn that/ 
^abutted position^ 
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The chamfere^teucture of th^inlet of the cylinder bore 13 and the 
projectio/^ucture](rfthe tip end portions of the piston chuck fingers 65 
^capable of filling ^upj the chamfered portion Jboth adopte^ in this seventh 
embodiment, are applicable to all of the first to sixth embodiments. 
Particularly, in the case where the tip end portions of the outer surfaces of 

the piston chuck fingers 65 are tapered as in the first embodiment, this ^ 

taper structure can be utilized in£the above projection structure) (see chain 
lines m Fig. 11). TTn7this seventh embodiment /therff is /gbtlung else? 
^cttBerent trom /thqs^ previous^ embodiments, so avdetailed explanation 
thereof will be. omitted. / -I / 

^SinceJ the seventh embodiment yis constructed as above, a 
continuous annular recess (groove) of a wedge -like section is not formed in 
the chamfered portion 76 when the piston 62 is inserted into the cylinder 
bore 13. Consequently, there is no fear of the front edge of the piston 62 
being caught in |Ee said^annular recess and hence the piston 62 is inserted 
smoothly into the cylinder bore 13. Particularly in the case where the 
piston 62 is provided with the piston ripg"7 N 5 as in the previous modification, 
there is no fear that the piston ring'7^wlJich can behave independently of 
the piston ^^y drop into the annulaw/cess. j^-^hirra^ 

rThe following description is now provided abo^^^^kodinient 

rT 1 " -) LuilUto ' — ^ 

J tth^^i^hth^em^diment)f of the invention^ described fw the foregoing) 

rg^re^ce fx 1 — — V 

y^teyea*tlM;we^ which is lliustTated-i^ Figs. 12 

and 13. 

Fig. 12 is an explanatory diagram showing, in a modeledforai,' the 
structure of a/principal portion oFa work chucHngA&serting apparatus 
according to(the eighth embodiment and Fig. 13 is a^diag^m showing a I 3 
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In the work chucking/inserting^tructur^of this eighth embodiment, 
/indicated at 607 the structures of the work chucking/inserting apparatuses 

. ^ and 

60 described in the first, sixth and seventh embodiments are united^ the 
inner surfaces of the chuck fingers are also taperedjso that the closer/ to 
their tips,jt&<^ 

In the work chucking/inserting apparatus 60 of this eighth 
embodiment, in comparison with the first embodiment, as shown in Figs. 12 
and 13, there is further provided a pushing mechanism 72 for pushing the 
piston (work) 62 toward the cylinder bore (insertion hole) 3, and the inner 
surfaces of the chuck fingers 65 lusedl respectively have tapered portions 78 
wMch^^ the tip|£l^ 

and serve as chuck surfaces for chucking the piston 62. Further, the inlet 
of the cylinder bore 13 is chamfered at 76 and the tips (extremities)efetfe@^^ 
^n*TXOTtrn^^of the outer surfaces of the chuck fingers 65 are formed so that 
they can^Bej abu^j^ against the chamfered portion 76 without leaving any 
gap when the piston 62 is inserted into the cylinder bore 13 (see Fig. 13g 
andl3h). (^H^^^J^y 

J^mjhe above point^the eighth embodiment is JSifferent fiomjthe 
first embodiment, Arufe^ 

embodiment, so a'detailed explanation thereof will be omitted. 

C^e^rttte Operation of the eighth embodiment will^be described 
jphelow) with reference, as an example, to the case where the work 
chucking/inserting apparatus 60 is used in a vertically installed state. 

In this eighth embodiment, when the work chucking/inserting 
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apparatus 60 detects the position of the cylinder bore 13, the inner surfaces 

of the chuck fingers 65 have already chucked the piston 62. 

The work chucking/inserting apparatus 60 with the piston 62 thus 

loco e r&J 

already chucked by the chuck fingers 65 is first advanced Ob gough - t ^wwa), 
allowing the tapered tip end portions of the outer surfaces of the chuck 
fingers 65 to come into contact with one side of the chamfered portion 76 of 
the inlet of the cylinder bore 13, as shown in Fig. 13a. Next, the work > 
chucking/inserting apparatus 60 is further advanced, allowing the tip end 
portions of the outer surfaces of the chuck fingers 65 to follow the 
chamfered portion 76. At the same time, the base portion 64, together with 
the chuck fingers 65, is moved gradually to the right in Fig. 13 by operation 
of thg^&oating mechanism 6!^s a^fracer mechanism (Figs; 13b-d). When / 
the work chucking/inserting apparatus 60 hasjcpme to be unable to} further 
advance, the tip end portions of the outer surfaces of all the six chuck 
fingers 65 are in contact with the chamfered portion 76 without/leaving any 
ijpvan d" tKgffiMk for/ detecting* the position of the cylinder bore 13 
(horizontal positioning of the work chucking/inserting apparatus 60) is 
completed (Fig. 13d). ^ -J* J 

Next, the work^chucking/inserting apparatus 60 is ^retreatedj 
(raised) to the position£to| which the tips of the chuck fingers 65 have 
advanced into the cylinder bore 13 by a distance corresponding to^k* vertical 
length Gn the axial direction of the cylinder bore 13) of the chamfered 
portion 76, to complete a vertical positioning of the work chucking/inserting 
apparatus 60 (Fig. 13e). Then, the plunger of the pushing mechanism 72 is 
extended to push the piston 62, allowing the piston to slide on the. tapered 
portions 78 of the inner surfaces of the chuck fingers 65. As a result, the 
tip end portions of the outer surfaces of the chuck fingers 65 are gradually - 
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expanded radially outwards (Figs. 13f-h), permitting the piston 62 to pass 
through the expanded passage (piston insertion path). Thus, the piston 62 
can be inserted into the cylinder bore 13 positively and smoothly while 
being guided by the tapered portions 78 without disengagement ^^d^Pp) 
from the chuck fingers 65. At this time, the tips of the outer surfaces of the 
chuck fingers 65^are injabul^nent wi thj the chamfered portion 76 without 
leaving any ^T^^Tlu €c/t 

Since this eighth embodiment is constructed and operates as above, -j*L& 
the work chucking/inserting apparatus 60 need notlfo to the feed place ofK 
the pis ton 62| to fetch g^ejpiston 62, and the work for detecting the position 
of the cylinder bore 13 can be done while the piston 62 isjkej^ chucked by 
the inner surfaces of the chuck fingers 65. Therefore, the piston 62 can be 



into ai^/aligned witfCtlie cylinder bore 13 in a/still /shorter time 
and ^ a stDJ higher working efficiency. Thus, it^s possible to mak^ 
contribu^^ to /the? improvement of productivity in an engine assembU£g 
line. Besides, Jteven/ if there are not provided/ any special hole position 
detecting fingers (see the third embodiment) separat«jljj from the chuck 
fingers 65 for chucking the piston 62, it is not necessary for the work 
chucking/inserting apparatus to go # to the piston /fee dl place to fetch jthe2<^ 
piston 62^ jln other wordsythe Structure of the work chucking/inserting 
apparatus 60^oes not become compli cate*^ ? 

Further, since the mechanical floating mechanism 69 is used as the 
tracer mechanism, the work chucking/inserting apparatus 60 is simple in 
structure and low in cost, not using ai^ complicated force control. la 
addition, there can be attained the same effects as in the first, sixth and 
seventh embodiments. 
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& A ninth embodimenWof the inventiqnMlescribed In the foregoing thirteenth) 

(aspect, which is lMstJated i3 Figs. 14 and 15. 

Fig. 14 is a diagram showijarg; in a modeled fo££fi\the structur^of a 

prin^pal^ortion of a w^k^chi*^^ to the 

ninthz&^odiment and Fig/^is a diagram sfi^ 

of^he woA^ucking/i^OTting apparatus fn a successive)m^iner. 

CO 

The work chucking/inserting apparatus^of this ninth embodiment^ 

^cheated at 60^] is different from that of the|previous|eighth embodiment in 

the shape of outer surfaces of chuck fingers 65 which function fojnot onlyfj 

detect the position of the insertion hoh^but also^effect positioning of the 

work chucking/inserting apparatus 60. More specifically, in the eighth 

embodiment, >Jifce the first embodiment, the outer surfaces of the chuck 




inlet of the cylinder bore 13^ wffite in this ninth embodiment, end faces of 

the chuck fingers 65 are formed flat fa£ their portions) .("flat portions" 

hereinafter) exclusive of their inner edges and the vicinities thereof a«d-eftfi 

^me into}abutment against the wall surface which surrounds the inlet of 

the cylinder bore 13, and the inner peripheral edges and the vicinities 

~*y*~>&rj fy TZuszrd ^ 
thereof are tapered at 8Q/sothat the closer to/the tips(the more inwards the? 

^/taper, and ca^contact the inlet of the cylinder bore 13. Further, the outer 

surfaces of the chuck fingers 65 are generally arcuate and perpendicularly 
uSffk 

contiguou^toj the end faces of the chuck fingers, not being particularly 
^concerneyin the detection of the insertion hole position or positioning of the 
work chucking/inserting apparatus 60. 

In tgife- ninth embodiment, the inner peripheral edges of the end 
faces of the chuck fingers 65 and the vicinities thereof are formed so that 
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they canJlJejsut jnj abujrfnenj? against the chamfered portion 76 without 
leaving any gap upon insertion of the piston 62 into the cylinder bore 13 
(see Figs. 15f and 15g) and so that the axis of a conical surface defined by 
the inner peripheral edges (and the \acinities thereofjof the end faces of all 
the six chuck fingers 65 is aligned with the axis of the cylinder bore 13 
when those inner peripheral edges jand the vicinities th ereof come into 
contact with the inlet of the cylinder bore 13. M*" far yo*gf 

^/^r^he-abjp^e-p ^tj the ninth embodiment is ^different from the 
previous eighth embodiment, /btfFther^^ 
j ei ghth embodimentjso ar detailed explanation thereof will be omitted. 

The operation of the ninth embodiment wOMbe described below 
with reference, as an example/ to the case where the work 
chucking/inserting apparatus 60 is useful a^verticall^mstalled statj. 

The/ftmction of thff ninth embodiment is different from that of the 

L / opcr^t/ &*t£ M'f£e 

eighth embodiment in the sequentee^and^nCTete modej)^ both i g^ation^ <\ 

J^e of whic h is^ detecting^he position of the insertion hole by the work 
chucking/inserting apparatus 60 (horizontal positioning of the work 
chucking/inserting apparatus 60) and^he ^the r of whi ch i^ positioningChe 

. work chucking/inserting apparatus 60 at the time of insertion of the work 
into the insertion hole (vertical positioning of the work chucking/inserting 
apparatus 60). 

In connection with the sequence of/Botd operations, in the previous 
eighth embodiment jthere is first performed the op eratio n^f^ etectingnhe 
position of the cylinder bore 13 by the work chucking/inserting apparatus ^ 
60 (horizontal positioning of the work chucking/inserting apparatus. 60 
/there is next performed the operation of / positioning the work 
chucking/inserting apparatus 60 at the time of insertion of the piston 62 - 
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into the cylinder bore 13 (vertical positioning of the work chucking/inserting 

apparatus 60), whereas this sequence is reversed in this ninth embodiment 

In the ninth embodiment, as shown in Fig. 15a, the work 

chucking/inserting apparatus 60 with the piston 62 already chucked by the 

chuck fingers 65 is first advanced (b*©ttgbt40^>, ^lowin^flat portions 79 

of end faces of the chuck fingers 650qj: om^ into abutment against the wall 

surface which surrounds the inlet of the cylinder bore 13, whereby the 

vertical positioning of the work chucking/inserting apparatus 60 is 

completed (Fig. 15b). Next, the plunger of the pushing mechanism 72 is 

extended to push the piston 62, allowing the piston 62 to slide on the 

tapered portions 78 of the inner surfaces of the chuck fingers 65, whereby 

the tips of the chuck fingers 65 (the tapered portions 80 of the inner 

peripheral edges of the end faces and the vicinities thereof) are gradually 

expanded radially outwards^inj equal ^anti ties) for all of the six chuck 

fingers 65, allowing the tips of the chuck fingers 65 to follow the chamfered 

portion 76. At the same time, the base portion 64, together with the chuck 

fingers 65, is gradually moved rightwards in Fig. 15 by operation of the 

floating mechanism 69 as ^Sftracer mechanism (Figs. 15c-e). 

In this way it becomes possible for the piston 62 to pass through an 

expanded passage (piston insertion^ ath) which results ]5x)m*fche tips of the 

q,re #&V*J ^ — J 

chuck fingers 65 /Boeing expande ^ radially outwards, and the tapered 

portions 80 of the inner peripheral edges and the vicinities thereof of the 

end faces of all the six chuck fingers 65 coma, into contact with the 

chamfered portion 76 to complete the op erationftoiy detecting the position of 

the cylinder bore 13 (horizontal positioning of the work chucking/inserting 

apparatus 60) (Fig. 15e). 

Next, the plunger of the pushing mechanism 72 is further extended 
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to push the piston 62, whereby the piston 62 can be inserted into the 
cylinder bore 13 without (hsengagement^dr^from the chuck fingers 65. 
At this time, the tapered portions 80 of the end face inner peripheral edges 
and the vicinities thereof of the chuck fingers 65 are in abutment against 
the chamfered portixm 76 without jfea\ri^ any gap. Ji&? cf l ^ 

j^ince thisj ninth embodimen^s^constructed and operate^ as above, 
when the work chucking/inserting apparatus 60 detects the position of the 
cylinder bore 13, the flat end face portions 79 of the chuck fingers 65/6an be7 
/ allowed tolserve as surfaces for positioning the work chucking/inserting 
apparatus 60 in the axial direction of the cylinder bore 13, and the 
apparatus 60 can be broughtftnfco a standstill in that direction, with 
■e limin ation of an axial deflection. These fpoin£3 combine to improve the 
accuracy of detecting the -po§i|tion of the cylinder bore 13. [Reside}, the 
detection of the po^o^ of tHe cylinder bore 13 and the insertion of the 

piston 62 into the cylinder bore 13 can be done simultaneously. 

— *y 

Consequently, the piston. 62 can ^be inserted into^and aligned with the 
cyhnder bore 13[^ a still/ shorter time andAin a still/ higher working 
efficiency. flnW^itioja^there can bel*t~taiiiedi;he-sa^ 



^Lthr^venth and ei^th^m'tf^^ ^ 

jNext, reference will be made below to an embodiment (the) tenth 
embochmen^Jof the invention -described^in the foregoing fifteenth aspect, 
^whadb is illustrate d mj Fig. 16. * 
Fig/l6 is a (fcagra^ a ptfries of 

operati&ns of a work chucking^^ertm/apjiaratus accorcM&^othis tenth 
embodiment. 

The work chucking/inserting apparatus^of tfew tenth embodiment 
Hndicated at 60j is different from the previous^eighth and ninth - 
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embodiments in that it uses a pushing mechanism 72 possessing y§ucking7 
function for^the work (piston 62). lb be more specific, a plunger which 
constitutes the pushing mechanism 72 is formed with a through hole 
communicating with a vacuum source, though not shown in detail. 

"Since thejikith embodiment is conste^cted^a&sabove, thp'operation / 
ther&if is diffBrent as>4ollows ^bm/uie previous eifeiffh and ninth / 
embodiments^ ' ^\ 




"a 

/comparative example/} vjn the operations of the eighth embodiment 
illustrated in Figs. 13f, et seq M the plunger of the pushing mechanism 72 is 
extended to push the piston 62, Y the piston 62jis allowed tojslid^on the 
tapered portions 78 of the inner surfaces of the chuck fingers 65, thereby 
gradually expanding the tips of the chuck fingers 65 radially outwards to 
permit the piston 62 to pass through the thus-expanded passage (piston 
insertion path) into the cylinder bore 13 without disengagemen t/or d rop 7 
from the chuck fingers 65. On the other hand, in this tenth embodiment, 
the radially outward expansion of the tips of the chuck fingers 65 is 

performed by operation of a base portion 64 which holds the chuck fingers 

an • cr a- ii a ui a 4- 4~ vi^ r *^*f c/tteAJtfih we/ re 

65 in a/radially advancible and retre^tablqf manner; 

f#Phen the tip ends of the chuck fingers 65 are expanded radially 

outwards by operation of the base portion 64, the piston 62 is released from 

the chuck fingers 65, but is not disengagedf nor drops,? from the work * / 

chucking/inserting apparatus 60 because the piston 62 i^sucked^by the 

plunger of the pushing mechanism 72 (Fig. 16f). When^J continued 

operation of the base portion 64 has expanded the tips of the chuck fingers 

65 radially outwards^nty abutment against the chamfered portion 76, the 

plunger of the pushing mechanism 72 is extended to push the piston 62 * 
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gradually, whereby the piston 62 can be inserted into the cylinder bore 13 
(Figs. 16f-h). In this case, the degree of expansion of the tips of the chuck 
fingers 65 caused by operation of the base portion 64 is preferably adjusted 
so that the piston 62 is allowed to slide only the last slight distance on the 
tapered portions 78 of the inner surfaces of the chuck fingers 65, whereby 
the tapered portions 78 can be allowed to serve as a guide for insertion of 
the piston 62 into the cylinder bore 13. 

^A-^ given 'wit^ 

^comparative exam gleT) In ^the operations jof} the ninth embodiment 
illustrated in Figs. 15c et seq., the plunger of the pushing mechanism 72 is 
extended to push the piston 62, allowing the piston 62 to slide on the 
tapered portions 78 of the inner surfaces of the chuck fingers 65, thereby 
gradually expanding the tips of the chuck fingers 65 (the tapered portions 
80 of the inner peripheral edges of end faces and the vicinities thereof) 
radially outwards so as to permit the piston 62 to pass through the thus- 
expanded passage (piston insertion path), and the position of the cylinder 
bore 13 is detected, whereby the piston 62 can be inserted into the cylinder ^" —4 
bore 13 without disengagemenyor dropjfrom the chuck fingers 65. yOn the^ 

pother han^, in this tenth embodiment, the radially outward expansion of 
the tips of the chuck fingers 65 is effected by operation of a base portion v 64 
which holds the chuck fingers 65|bL^ 
rmannerT) 

The operation of the base portion 64 and that of the pushing 
mechanism 72, as well as the mode of insertion of the piston 62 into the 
cylinder bore 13 based on those operations, should be fully understood from 
the above descriptions, so a detailed description thereof will here be omitted. 

■Sinee the tenth embodiment^ fgl4roE^ * 
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even if the inner surfaces of the chuck fingers 65 have already chucked the 
piston 62 before the work chucking/inserting apparatus 60 detects the 
position of the cylinder bore 13, there is no fear of the piston 62 being 
disengaged or dropping from the work chucking/inserting apparatus 60 
when the tips of the chuck fingers 65 are expanded radially outwards for 
passage of the piston 62 or for detecting the position of the cylinder bore 13, 
because the piston 62 is£sucke<j[ by the plunger of the pushing mechanism 
72, thus pspiitting the piston 62 to be inserted positively into the cylinder 
bore 13. /Besidgi£ there is no fear of damage to the piston 62 because the 
piston 62/T^ttK^^ sliding on the 

tapered inner surface portions 78 of the chuck fingers 65. 

Although in all of the above first to tenth embodiments the number * 
ot the piston chuck fingers 65 is six, /there is made no limitation thereto? ' 
£msofar a^ there Jpejthree or more such fingers. Particularly, the minimum 
number will 




separately Even 

Further, although in the above first to seventh embodiments the 
piston 62 is inserted horizontally into the cylinder bore 13, this constitutes 
no limitation. The piston may be inserted into the cylinder bore vertically 
from above. ^Various other changes and modifications may be made/within] 
/the scope not) departing from the gist of the present invention. 
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ABSTRACT 

A work chucking/insertin^pparatus 60 to be used/for chuckin^aj 
£work (piston 62^ and inserting/|h^ work into an insertion hole (cylinder 
bore) in alignment with the hole, includiSg three or more chuck fingers^} 



the chuck fingers [65] being arranged in circumferentially spaced positions 
and^pablej^advanting and £etreatin^ra(haUy # Jnner surfaces of the 
chuck finger^fflservmg> as chuck surfaces for chucking the work, and outer 
surfaces of the chuck finger^S beinS tapered at least at tip end portions 
^thereof so tnat^the doserjtcy the tip^f^lh^-n^ 

^ap able of coming intoj contact with an inlet of the insertion hole. The work 
chucking/insertin gjapp ar atus 6t| further includes a tracer mechanism which 
causes the axis of a conical surface defined by the outer surfaces of the 
chuck fingers^j^to b<T aligned with the axis of the insertion hole when the 
outer surfaces of the chuck fingers^ are ^ut^^i^ct^th^the inlet of the 
insertion hole^^n^^ pushing mechanism v for pushing the work toward the 
insertion hole. The^ work chucking/inserting ^baratu^ can handlw • 
various sizes of worl^ with a simple structure^(f^hat 'i^a short time and e^*72( 
2~ajhigh working efficiency. 
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